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Competition of local 
non-linearity with 
photon hopping
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Josephson arrays

Optical Lattices
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Differently from Josephson arrays 
and optical lattices, the will be 
experimental  access to correlation 

Coupled QED-cavity arrays

Coupled cavities can be realized in 
a number of very different 
physical systems

It is (in principle) possible to study 
a variety of equilibrium and non-
equilibrium phase transitions in 
many-body systems

Thursday, November 18, 2010
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A. Imamoglu et al 97, S. Rebic et al 99, J. Kim et al 99, K. Birnbaum et al 05 
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|e, n〉|g, n + 1〉

2β

2β
√

n + 1

Atom-photon interaction leads 
to an effec. non-linear medium

A. Imamoglu et al 97, S. Rebic et al 99, J. Kim et al 99, K. Birnbaum et al 05 

Photon Blockade
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Coupled Cavities
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Coupled cavities 
out of equilibrium
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QED arrays to explore non-equilibrium 
quantum many-body systems
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QED arrays to explore non-equilibrium 
quantum many-body systems

How to realize and detect, under realistic non-
equilibrium conditions,  the very rich phase 
diagram predicted in QED arrays? 

Explore the competition between correlations 
and hopping in small networks
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Coupled cavities 
&

Quantum quenches
ε(t)

array is driven by 
a pulsed external 
laser
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The order parameter
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see Altman & Auerbach, PRL (2002)
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ψ(t) = Tr[aρ(t)]

Mean FIeld 
Approximation
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Photon population

n(t) = n(0)e−2κt

Photon population has no feautures
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ψ(t) = Tr[aρ(t)]

Observables

g(2)
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At short times, a linear instability sets in and both 
quantities increase exponentially
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At short times, a linear instability sets in and both 
quantities increase exponentially

At later times, the collective (non-linear) dynamics 
of the array leads to oscillations

Damping at times larger than the photon lifetime
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zero-time delay second-order 
correlation function averaged 
over a certain interval of time

0.1κ−1 < t < 2.0κ−1
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The onset of the 
instability shifts with 

the damping rate

δ(J/U)c ∼ κ2/2U2

κ κ>

U is the scale of the non-linearity
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Preparation of the Initial state

Important to have short pulses for preparation

- dashed line J=0
- continous line zJ/U = 0.5

F ∼ 0.99
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Conclusions

Networks based QED-cavities?

Non-equilibrium quantum phase transitions?
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